We develop a framework that allows a multivariate system of long memory processes to be conditional on specific regimes to investigate the effects of credit rating agencies (CRAs)' sovereign credit re-ratings on European stock and currency return distributions over the period from 1996 to 2012. We find evidence across rating regimes to support the usefulness of our proposed model in accommodating both long memory and regime switching features. Furthermore, we reveal that the total effects (both direct and indirect forces) of sovereign credit assessments on the first four realized moments of return distributions can be different to their direct effects on individual moments. Thus, we find the rank orders among the three major CRAs to differ for each realized moment and asset market.
Introduction
Sovereign credit ratings, which publicly reveal opinions of specialist information intermediaries about the credit quality of a national government, are expected to influence the behavior of asset prices, especially during periods of market uncertainty and financial instability.
Yet, the Credit Rating Agencies (CRAs) that provide this information, have often been criticized for their slow responses to financial crises as well as their inability to forewarn market participants (see Mora, 2006 and Gorton, 2008) . It is, therefore, necessary to assess the impact of credit rating decisions provided by CRAs on the behavior of financial markets. This paper develops a new approach to accurately capture the impact of sovereign credit assessments on financial return distributions. Focusing on financial return distributions enables an improved understanding of financial market participants reaction to sovereign ratings information and can also better inform other financial decisions for risk management and asset allocation purposes. The dynamics of higher return moments such as variance, skewness and kurtosis are documented to influence asset prices (see among others, Harvey and Siddique, 2000 , Athayde and Flôres, 2003 and Mandelbrot and Hudson, 2004 . The asymmetry and more generally, the tail behaviour of return distributions are known to be important for asset pricing and investment management. Yet the extant literature has traditionally examined the effect of sovereign rating changes on the first moment of asset return distributions (see for example, Brooks et al., 2004 , Gande and Parsley, 2005 , Ferreira and Gama, 2007 Faff, 2010a, Alsakka and ap Gwilym, 2012a,b) or asset correlations during financial crises (Chiang et al., 2007) but there is a dearth of attention on the impacts of credit rating changes on higher asset return moments. A potential reason for this void in the literature is the limitation of the parametric methods used in estimating the conditional higher moments 2 . In recent times, an increasing availability of intra-day data has provided a better alternative for measuring the higher moments of asset returns using nonparametric methods. The use of intraday data compared to daily data can give us a better representation and more robust estimate of actual asset price behavior (see for instance, Andersen et al., 2003) .
In this paper, realized higher moments constructed from intraday returns, are treated as observable variables and, therefore, can be modelled directly within an econometric framework.
Furthermore, we account for the properties of the realized higher moments in the empirical modelling process. Our preliminary analyses show that realized returns and skewness exhibit short memory behavior; whereas realized volatility and kurtosis are more likely to be long memory processes 3 . A long memory process is considered as an intermediate between two classical processes, the short-memory (I(0)) and the unit root process (I(1)). More precisely, it is defined corresponding to the case of a fractional degree of integration. Our proposed empirical model can accommodate fractional degrees of integration thereby capturing both short-and long-memory behavior in realized moments.
A significant number of studies have modelled sovereign credit rating transitions due to its critical role in modern credit risk management, valuation and international asset allocation (see among others, Bangia et al., 2002 , Lando and Skødeberg, 2002 , Fuertes and Kalotychou, 2007 and Hill et al., 2010b . The estimation of the rating transition probabilities matrix has indicated a regime switching behavior in credit ratings which needs to be accounted for in the modelling of sovereign estimates of conditional volatility, skewness and kurtosis, therefore, rely heavily on these models' underlying assumptions. In addition, the problem is magnified within a multivariate system due to the large number of parameters that need to be estimated for extracting the outputs of conditional higher moments.
3 Figure 3 illustrates the long memory behavior of realized volatility and kurtosis since their autocorrelations die out slowly and their spectral densities are unbounded at the origins; whereas, the realized return and skewness evolve as short memory processes because of their immediate died out autocorrelations and their bounded spectral densities at the origins.
credit ratings' financial market impacts. In essence, credit ratings, either in levels or first differences (i.e., ratings changes), can be categorised into regimes (states), for example, states of ratings level can be defined as each of its letter designations (AAA, AA+,…); whereas, states of ratings changes may include stable (i.e. no change), downgrades or upgrades. The consideration of rating regimes (or trends in rating changes which we call 'drifts') is both useful and novel as this is consistent with investors' use of mental accounting in behavioral finance (Hirschleifer, 2001) . Investors are likely to respond differently to rating revisions depending on the phase of the credit rating cycle and this is supported by the established asymmetric reactions of stock and currency market returns to rating downgrades relative to upgrades (Brooks et al., 2004) . Hence, we develop an empirical framework that not only allows a flexible set of fractional degrees of integration for endogenous variables as mentioned earlier but that also captures the perceived regime switching behavior of sovereign credit ratings.
Our study contributes a new empirical framework to the current literature on the market impact of sovereign ratings. We allow a multivariate system of long memory processes to be conditioned on observable regimes that are based on the characteristics of sovereign credit quality assessments across the European region to account for common ratings information. It is conceivable that investors within the European Union (EU) would not only respond to credit assessments for their own national market but also those given for other EU countries. By accommodating both the long range dependencies of realized higher moments and the regime switching feature of common sovereign credit ratings information, the properties of these measures can be properly accounted for. The necessity of including these features within one framework has been supported in the recent literature, for instance, Diebold and Inoue (2001) , Haldrup and Nielsen (2006) and Haldrup et al. (2010) . Our approach is distinguished from existing models as it also allows for the presence of exogenous variables. This feature is important for assessing the effects of sovereign ratings which are not determined by the system of endogenous variables (i.e. the realized moments). Likewise, the feature is also useful as it allows many control variables to be included alongside sovereign credit assessments. Furthermore, we differentiate our approach further by using an alternative estimation procedure. Fig. 1 ).
We contribute comprehensive and new evidence of sovereign rating impacts on European financial markets during the EDC. We employ sovereign ratings data from Standard and Poor's, Moody's and Fitch -the three main CRAs in the world -in order to find out which agency has the greatest impact on financial return distributions via their first four realized moments. Although previous studies have indicated the largest impact is from Standard and Poor's (e.g., Reisen and Maltzan, 1999, and Brooks et al., 2004) , recent activities of the CRAs during the EDC may change their rank orders. In line with this view, ap Gwilym (2012a, 2013) find that over the period from 1994-2010, Fitch's sovereign credit signals induced the most timely currency market responses. In addition, previous studies investigated the issue based on causality tests and conducted event studies, which may only capture the direct effects of the CRAs' re-rating activities. We argue that the market impact of the CRAs should be measured in terms of their total effects, which include both direct and indirect forces. In a multivariate framework, where the inter-relationships among realized moments are captured, we define the indirect effects of the CRAs on a realized moment as the spillover effect that goes through other realized moments. This effect has been ignored in the literature but is important for gauging the full effects of sovereign credit assessments on financial return distributions. Lastly, in this paper, we further contribute to the literature by developing a tool that can capture the total effects of the CRAs to reveal which agency elicits the greatest market reactions (i.e., has the most influence on financial return distributions in our context). We believe this is the first study to distinguish between the direct and indirect effects of credit rating agencies' actions within financial markets and it is important to consider both manifestations on financial market stability.
The remainder of this paper is organized as follows. We describe the data construction in section 2. Section 3 proposes our new econometric model and its estimation procedure. We discuss the findings of our empirical analysis of the European financial markets in section 4. An impulse response of a transfer function is developed to reveal the most powerful CRA in section 5. Finally, we conclude our research in section 6.
Data
We capture 5-minute intraday stock and FX market prices in some European Union (EU)
countries from the Thomson Reuters Tick History (TRTH) database provided by the Securities Industry Research Centre of Asia-Pacific (SIRCA). By using 5-minute intraday data, we can minimise the problem of measurement error due to a reduction of microstructure biases 4 . The sample period studied is from January 1996 to July 2012, which covers the period from pre-Asian Financial Crisis until the recent European Sovereign Debt crisis (EDC). We employ the FX data quoted against the USD from 21 countries: Austria, Belgium, Bulgaria, Cyprus, Czech, Denmark, France, Germany, Greece, Hungary, Ireland, Latvia, Malta, Netherlands, Poland, Portugal, Romania, Slovakia, Spain, Sweden and the United Kingdom. However, due to limited availability of the high frequency data, our dataset for stock markets only consists of 10 stock market indices from within the European Union (EU), including Austria, France, Germany, Greece, Hungary, Ireland, the Netherlands, Romania, Spain and the United Kingdom.
In addition, we employ historical long-term foreign currency sovereign credit rating and credit outlook and watches from three leading CRAs -Standard and Poor's, Fitch and Moody's. This will enable an assessment on which CRA influences European stock market returns the most via its sovereign rating actions. Due to the irregular timing of ratings announcement, we focus our analysis on a monthly basis. We follow the approach of Gande and Parsley (2005) and Ferreira and Gama (2007) among others to transform the sovereign rating and credit outlook and watches into linear scores 5 . We summarize all rating news released during each month using the comprehensive credit rating (CCR) measure 6 . Figure 1 illustrates how active the CRAs are in re-rating EU sovereign obligors. As can be seen, the CRAs have more often upgraded than downgraded EU countries over the entire sample period but not surprisingly most of the downgrade news on EU nations were released during the most recent sovereign debt crisis (around 70% of all downgrade rating news in our sample). Among the three CRAs, Fitch seems to be the least active agency in downgrading EU sovereigns; whereas, the number of upgrades released by Moody's for EU countries is the smallest simulations of the 5-minute sampling interval produce mean square errors relatively close to the optimal interval.
Besides, the use of 5-minute data to construct realized skewness and kurtosis is suggested by Amaya et al. (2013) .
5 Details will be available upon request. 6 The CCR is calculated as the sum of linearized sovereign credit ratings and the credit outlook/watches following the approach of Gande and Parsley (2005) .
suggesting that they are the most conservative of the major CRAs. Overall, the absolute number of rating announcements has indicated that Standard and Poor's can be considered as the most active rating agency for countries in the EU (corroborating with prior studies that compare across rating agencies such as Brooks et al., 2004) 7 .
[Insert Figure 1 here]
To construct a proxy for the opinion of a CRA about the sovereign credit quality of the EU overall, we utilise the sovereign rating drift measure, which is the average change in credit quality across all EU member countries. The rating drift across the EU can be calculated for each CRA as,
where is the first difference of the CCR measure of country i, and m is the number of countries used to construct the rating drift. Since we aim to assess the opinion of a CRA about the whole EU overall, we include historical sovereign ratings data of all 27 EU countries to construct the drift measure. The sovereign rating drift adequately reflects the view of a CRA on the average trend in the credit quality of all sovereign obligors in the EU region as a whole. The plots of the sovereign credit rating drifts for the three major CRAs shown in Figure 2 indicate that the rating drifts can be classified into three observable regimes or states over time, which are zero, positive and negative zones. These three zones can be inferred as the regimes of stable, upward and downward trends in sovereign credit quality across the EU as perceived by each of the CRAs.
Furthermore, it can be observed that most of the negative rating drifts are in the period of the sovereign debt crisis, consistent with what has been shown in Figure 1 . We can, therefore, consider the regime of downward sovereign credit quality as primarily the episode of the European sovereign debt crisis (EDC). To model the stock market and FX return distributions, we construct their higher moments based on intraday returns rather than employing daily close to close prices since the use of intraday data is widely documented to provide more consistent and efficient estimates (see Andersen and Bollerslev, 1998 , Barndorff-Nielsen and Shephard, 2001 and Andersen et al., 2003 .
The daily realized returns constructed from intraday returns are identical to the usual daily returns calculated from daily close to close prices,
where ri,t denotes the ith 5-minute logarithmic return during day t and D denotes the total number of 5-minute logarithmic return intervals during any trading day.
We follow Andersen et al. (2003) and Amaya et al. (2013) to define the realized volatility (RVt), realized skewness (RSt) and realized kurtosis (RKt) respectively as 8 ,
To facilitate empirical testing, the monthly realized measures are then constructed as averages of corresponding daily realized series.
We graph the sample autocorrelations and spectral densities of realized returns, (logged) realized volatility, realized skewness and (logged) realized kurtosis for a lag of 50 months in Figure   8 The properties of realized volatility as defined in Eq. (3) are well analyzed in the literature (e.g., Bollerslev, 1998 and Andersen et al., 2003) . Meanwhile, the limits of realized skewness and kurtosis under the forms of Eq. (4) and Eq. (5) are recently assessed in Amaya et al., (2013) . 9 . There is evidence of long memory behavior in the realized volatility and realized kurtosis series (ie., second and fourth moments) revealed by the slow hyperbolic autocorrelation decay and the most mass at the zero frequency of the spectral densities. Meanwhile, the sample autocorrelations of realized return and realized skewness fluctuates around zero during the displacement of 50 months, exhibiting the property of short memory processes.
[Insert Figure 3] 
Econometric modelling
The properties and features of the four realized moments of financial returns and the sovereign rating drifts discussed in the previous section, motivate us to develop a flexible multivariate framework that can capture both long memory and regime switching behavior in these series.
Although there have been some studies debating the interchange between long memory and non-linear models 10 , it is necessary in our case to simultaneously accommodate both long range dependencies and regime switching behavior in order to adequately account for the properties of our variables of interest. The recent literature also supports the importance of including these features within a single framework, for instance, Diebold and Inoue (2001) , Haldrup and Nielsen (2006) and Haldrup et al. (2010) . In our case, the sovereign rating drifts are clearly distinguished by three separate regimes, which represent the periods of stable, upward and downward trends in sovereign credit quality 11 . In the stable period, sovereign rating drift has no impact on the financial return distribution as it is equal to zero. On the other hand, in the upward and downward regimes, the impact of sovereign ratings drift on financial return distributions and the characteristics of the financial return distribution itself can be very different. Accordingly, the long memory behavior of the realized moments of asset returns should not be fixed across the three regimes. Instead, we allow long memory behavior under the form of fractional integration to vary across these regimes of sovereign rating drifts. That is, to examine how financial return distributions behave during the periods of upward and downward rating drifts, we consider the ex-ante regimes that are defined by the direction of the sovereign rating drifts.
We utilise a multivariate long memory model with exogenous variables that are allowed to switch between different regimes. We model the realized moments of asset returns as endogenous variables in the system and we take the view that the sovereign ratings drift is not necessarily explained by the system of those realized moments. This assumption is supported by the myriad of prior studies showing the significant market impact of sovereign credit ratings information (see inter alia, Alsakka and ap Gwilym, 2012a , Brooks et al., 2004 , and Hill and Faff, 2010a . The sovereign ratings drift is rather determined by public information as well as the private information owned and subjectively assessed by the CRAs. Therefore, we treat the sovereign ratings drift as an exogenous variable, which defines the states (regimes) and may help to explain the realized returnbased measures. Our model is different to the existing models in the literature (e.g., Nielsen, 2006 and Haldrup et al., 2010) in the sense that it allows for the existence of exogenous variables. We further distinguish our model by proposing a different technique used in the estimation procedure. This technique enables our model to be applicable for a higher dimensional system, which is also an advantage over existing models as we can model the first four realized return moments simultaneously. Instead of numerically optimizing the objective likelihood function with regards to all parameters as in the literature, we further concentrate the objective function with regards to the degrees of fractional integration. Hence, the numerical optimization procedure is much faster and, perhaps, more reliable than previously possible. . We define and . In other words, pij is the probability that a regime i is followed by a regime j.
Model specification and assumptions
The operator, , where p is the lag order of the lag polynomial and is the (K×K) matrix of coefficients associated with the endogenous variables. is the (K×n) matrix of coefficients associated with the exogenous variables. The operator is a diagonal (K×K) matrix formed as,
We can employ the binomial expansion to operationally generate the term as, where is the gamma function; , and , for .
As in the representation of the MS-FIVARX, all the coefficient matrices, the degrees of fractional integration as well as the variance -covariance matrix of error terms are assumed to be regime dependent, which means that they are conditional on st, for example,
To ensure the adequacy, stationarity and to avoid the multicollinearity problems, the following additional assumptions have been made for our MS-FIVARX model: 
Estimation of transition probabilities
Since the regime variable st is assumed to be observable and determined by the behavior of the exogenous variable Rt, we may exploit Rt to count the number of the observations in each regime as well as the number of transitions among regimes. These figures subsequently can be used to estimate the transition probability matrix P. Therefore, the maximum likelihood estimates (MLEs) of the transition probabilities are simply given as,
where nij is the number of times that we observe a regime i that is followed by a regime j.
Estimation of the model's parameters
We obtain the estimates of remaining parameters in the model by using the quasi maximum likelihood via the concentrated log-likelihood function (CLF). For a specific regime, model 
Further, we assume that the p pre-sample values of each endogenous variable, , are available. The following notations are employed to facilitate our derivation, 
Let the assumptions 3. 1, 3.2, 3.3 
According to Proposition 3.1, we can obtain the conditional log-likelihood functions of our MS-FIVARX model, apart from constants, for a specific regime i as follows, , where is the indicator function returning 1 if and 0 otherwise.
The full-sample CLF of a MS-FIVARX model with respect to the vector of memory parameters is given by .
Alternatively, we collect all the information of the regimes during the sample period in a vector,
, and, the variance-covariance matrices of error terms concentrated on
. We have the ultimate representation of the full-sample CLF of a MS-FIVARX model as 12 ,
12 Detailed proofs of Lemma 3.1 and Proposition 3.1 as well as derivation to achieve the form of (10) are available upon
ξ At the first stage, the memory parameters can be obtained by numerically maximizing the with respect to , .
Remaining parameters for each regime are extracted conditional on estimator using the results obtained in Proposition 3.1.
Empirical results
We utilise our proposed model by employing realized return-based measures constructed in section 2 to investigate the impact of the sovereign ratings drifts on stock market and FX return distributions within the EU. Since the preliminary analyses performed in section 2 affirmed the short memory behavior of realized returns and skewness, we restrict their memory parameters to be zero. The fractional degrees of integration for realized volatility and kurtosis are allowed to vary across regimes. As discussed in previous sections, we distinguish the relationship between realized return moments and CRA sovereign rating changes into three regimes which are defined by the properties of the sovereign rating drifts. These regimes can be considered as the periods of stable, upward and downward assessments of sovereign credit quality, corresponding to zeros, positive and negative values on sovereign ratings drifts respectively. We focus on the results obtained in the upward and downward regimes. Also, as noted in section 2, the time series plots of the sovereign ratings drifts (Figure 2 ) indicate that the period of the EDC is prominent and covers almost the entire downward regime. We, therefore, consider the downward state as a representation of the European sovereign debt crisis.
More importantly, to facilitate the interpretation of the effects of downward sovereign rating drifts on each realized moment, we employ the absolute values of the downward drifts in modelling.
Hence, a positive relationship between the drifts and the realized return in the downward regime, for example, can be interpreted as more negative assessments of sovereign credit quality will lead to an increase in the realized return consistent with the basic risk-return trade-off in Finance theory.
We choose the optimal lag length p for the model so that the innovations mimic the white noise processes and the parsimonious criteria is satisfied. We, therefore, end up with the lag length of order 1 for our models. This result is reasonable as both characteristics of the measures, the long memory and regime switching features, which may require a large number of lag orders have been captured by the specification of the proposed model. The estimated results show that all the roots fall outside the unit circle and the memory parameters are in the range from -0.5 to 0.5, an indication of stationarity 13 .
The transition probability matrices
As the regimes are observable, we can easily calculate the estimates of transition probabilities for each regime according to formula (8). We present the estimated results of the transition probability matrices in Table 1 .
[Insert Table 1 
Impact of the sovereign credit assessments on financial return distributions
In this section, we analyse the direct impacts of the sovereign ratings drift on each realized moment of the EU stock and FX return distribution by using the Granger Causality test. Hence, we extract the estimates of the vector and their corresponding t-statistics.
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Direct impacts on European stock and FX realized returns
We report the effects of sovereign credit quality assessments on realized returns across both the upward and downward regime in Table 2 . As can be seen, the sovereign ratings drifts are likely to have insignificant impacts on stock market realized returns in both upward and downward regimes. This result implies that the overall assessments of CRAs on European sovereign creditworthiness have limited direct contribution to changes in realized stock market returns across the EU. However, if we focus on the direction instead of the significance of the relationship, we find a negative impact of the upward rating drifts on realized stock market returns while downward rating drifts tend to have positive effects. This finding is consistent with the basic risk-return trade off theory in Finance since the upward trend in the sovereign credit quality evaluation reveals a tendency of lower credit risk; whereas, the downward trend indicates increasing credit risk.
[Insert Table 2 ]
We find that realized FX returns react significantly to Standard and Poor's re-ratings in the upward regime but respond more to Moody's re-ratings in the downward regime (during the EDC).
Interestingly, this result differs from previous studies in two ways. Firstly, our result indicates that FX returns react positively to only Standard and Poor's upward rating drift; whereas ap Gwilym (2010, 2013) and ap Gwilym (2013) report an association between negative rating news and significant currency depreciation, we find a positive impact of Moody's downward rating drift on FX return. Our result, nevertheless, is consistent with the basic risk-return trade off theory as noted previously. One possible explanation for our different results with the literature is our focus on the impact of the overall EU creditworthiness assessment, while previous studies look at the effect of sovereign ratings of individual countries. Hence, we contribute new evidence on sovereign rating impacts at a regional level to cater for the unique economic arrangement within the EU.
Direct impacts on European stock market and FX realized volatility
The effects of sovereign credit assessments on realized volatility across both upward and downward regimes are shown in Table 3 . It can be observed that the sovereign rating drifts have limited impacts on both stock and FX realized volatility in the upward regime. However, there is more evidence of their significant effects in the downward regime. This result indicates that the assessments of the CRAs on sovereign credit quality across the EU have greater effects on the uncertainty and/or the dispersion of opinions with respect to the value of European stocks and currencies during the recent EDC.
[Insert Table 3] As expected, we find a consistently negative relationship between the upward rating drifts and realized volatility in both stock and FX markets. Meanwhile, the downward rating drifts have significant and positive effects on realized volatility. The results unambiguously indicate that improvements in CRAs' assessments on sovereign credit quality across the EU reduces stock and FX market uncertainty; whereas continuing negative assessments will increase market uncertainty.
This finding is consistent with the empirical results which we obtained in analysing the direct impacts of ratings drift on realized returns from the previous sub-section. The explanation for this consistency can be based on the risk-return trade off theory in Finance. evidently played a more critical role in this regard during the recent EDC. In the FX market, we observe the reverse situation since Fitch's ratings delivers greater direct effects in the upward regime; whereas, Standard and Poors' rating effects are stronger in the downward regime.
Direct impact on European stock and FX realized skewness
[Insert Table 4] Interestingly, in terms of both stock and FX markets, we mostly find a positive relationship between sovereign ratings drift and realized skewness in both upward and downward regimes.
Hence, regardless of the upward or downward direction, as long as the ratings drift changes (i.e., more rating news are released), the magnitude of the positive extreme returns in EU stock and FX markets is larger (more right-skewed).
Direct impact on European stock and FX realized kurtosis
The effects of sovereign credit assessments on realized kurtosis across both upward and downward regimes are summarized in Table 5 . We find limited evidence of significant effects in the upward regime but greater evidence of the significant relationship between sovereign ratings drifts and realized kurtosis can be found in the downward regime. Hence, the results show that the assessments of the CRAs on overall sovereign creditworthiness across the EU have greater impacts on the occurrence of extreme returns in stock and FX markets during the EDC.
[Insert Table 5] In addition, we mostly find the negative relationship between the sovereign ratings drift and realized kurtosis in the downward regime; whereas, the upward rating drifts tend to positively affect realized kurtosis. These results indicate that an upsurge in the downward (upward) trend of the CRA's assessments on EU sovereign obligors will significantly lower (increase) the peak of stock and FX return distributions for European countries. This result is consistent with what we have found in the analysis of the direct impacts of sovereign credit assessments on realized volatility. This is because a return distribution with a lower (higher) peak corresponds to a distribution with more (less) return dispersion. Besides, as mentioned in the previous sub-section, we note that an increase in the downward (upward) rating drift will heighten (decrease) stock and FX market volatility across the EU.
The most dominant credit rating agency
The empirical results discussed so far confirm certain impacts of each CRA's sovereign ratings on financial return distributions via its first four realized moments. It, however, remains questionable which CRA has the largest effect on financial markets. In section 4, we assessed the direct impact of CRAs' assessments using Granger Causality tests. Yet, this method is not applicable to address the issue of dominance amongst the CRAs as this should be reflected by their total effects including both direct and indirect forces. Because of the inter-relationship among realized moments, which is also captured in our multivariate system, the indirect effects of the sovereign rating drifts on a realized moment is the spillover effect that goes through other realized moments in the system. In this section, we develop a tool, which we call the impulse response of a transfer function (IRTF), to capture those total effects of the CRAs' assessments. The IRTF describes how endogenous variables react when there is an exogenous shock to the exogenous variables. The function, therefore, is ideal for capturing the total responses of a financial return distribution to a change in the sovereign ratings drift since such a change is usually caused by a shock from outside arriving under the form of public or private information which is assessed by the CRAs.
Impulse response of a transfer function
Under the basic assumptions which have been made in previous sections, we can rewrite model specification (6) under an infinite moving average representation (MA(∞)). Similar to what has been derived in Do et al. (2013) , we can easily obtain:
where, and ,
The (K×K) coefficient matrix can be calculated using the following relationship, , where is the diagonal (K×K) matrix with (noted in formula (7)) as the j th element, and is obtained according to the following recursive relationship, Based on the MA(∞) representation of a MS-FIVARX model, we employ the generalized approach proposed by Koop et al. (1996) to develop our IRTF. The IRTF at a horizon h is, therefore, defined as the difference between the conditional expectation of Yt+h, given the information set available at time t-1 (after incorporating the effect of the shock on exogenous variables) and the conditional expectation without the effect of the shock, , where is (n×1) vector of exogenous shocks on the exogenous variables Rt. 
Under an additional assumption that , we ultimately obtain the full matrix of impulse responses of a transfer function as 15 , It can be easily seen that under equation (11), the indirect effects of the exogenous shock in
Rt on Yt are captured in the matrix ; whereas, the direct effects are captured by the matrix .
Empirical results on impulse response analyses
We calculate the IRTF based on a one standard deviation shock in the sovereign ratings drift as this is the usual choice in the literature featuring impulse response analyses. We report the average responses of EU stock market and FX realized moments to the shock in the sovereign ratings drift for 20 periods ahead in Figures 4 and 5, respectively.
[Insert Figures 4 & 5]
As can be seen, Standard and Poor's assessments have the greatest impact on stock market realized returns and skewness for the first 5 periods ahead in the upward regime. This result is consistent with the literature, for example, Reisen and Maltzan, 1999, and Brooks et al., 2004, also find that the rating actions of Standard and Poor's affect stock market returns more than other CRAs.
However, the case of higher moments has not been investigated to date. In our analysis, the 15 We use the MA(∞) representation of Yt to derive the difference between the two conditional expectations and obtain the final form of the IRTF accordingly. Since the steps involved are trivial, we skip to the results to conserve space. 16 Following Koop et al. (1996) and Pesaran and Shin (1998) , we set the unit shock as a one standard deviation shock.
empirical results show that the sovereign rating drifts constructed from Fitch ratings have the largest effect on stock market realized volatility in the upward regime; whereas, the magnitude of effects on stock market realized kurtosis is not clearly distinguishable among the major CRAs.
In the most recent sovereign debt crisis represented largely by the downward regime, the rank of the CRAs regarding the magnitude of the effects on realized moments has changed. We find interesting results that Moody's assessments on overall EU sovereign creditworthiness have the greatest impact on almost all stock market realized moments around the first 5 periods. The only exception is the effects on realized volatility, for which Moody's shares the 1 st ranking with Fitch ratings since their effects are quite comparable.
In terms of the FX market, we consistently observe that Standard and Poors and Fitch's ratings drifts have the greatest impact on FX realized higher moments in both upward and downward regimes. Meanwhile, the magnitude of the effects on FX realized returns during the EDC is about five folds greater than in stable periods. These findings are in line with the findings of Gwilym (2012a, 2013) but we differ in identifying a strong impact for Standard and Poors as well as Fitch's ratings when indirect effects on higher moments are considered.
In addition, we note that there is a contradiction in the result between the IRTF (in this section) and the Granger Causality test (in the previous section) in the case of the effects on realized returns in an upward regime. For example, we find a negative relationship between sovereign ratings drift and the stock market realized returns in the upward regime using the Granger Causality test.
However, the IRTF confirms this is a positive relationship. The difference in result supports their complementary property. While the Granger Causality only tests the direct causal effect, the IRTF captures both the direct and the indirect effects and provides a more complete picture of the rating impacts.
Conclusions
In this study we investigate the effects of trends in sovereign credit assessments on stock market and FX return distributions within the European Union (EU) via their first four realized return moments. To do so, we develop a multivariate framework to precisely capture the full effects of CRAs' sovereign credit assessments on financial return distributions by allowing endogenous long memory variables to be conditional on observable regime switching in exogenous variables.
The model is motivated by the necessity to fully investigate the impacts of sovereign credit quality assessments on financial return distributions as there is a dearth of attention on the impacts of CRA announcements beyond the usual first and/or second moments of asset returns. The consistent and robust estimates of moments of the return distribution (i.e., the realized moments) exhibit long memory behavior whilst the regime switching feature of sovereign ratings has been widely documented. Thus, our proposed model is designed to capture both of these features in order to separately account for the properties of these variables of interest.
Our empirical results confirm the heterogeneous effects of rating actions across regimes, which are defined to correspond to the upward and downward trends in sovereign credit assessments by individual CRAs. Hence, these results illustrate the usefulness of the proposed model since misleading conclusions may be made if the process is not allowed to be conditional on separate states of creditworthiness. More specifically, we mostly find a negative relationship between the overall EU sovereign credit assessments and realized returns in the upward regime, yet the positive relationships are observed in the downward regime. These findings are consistent with the basic risk-return trade-off in finance theory, and are further confirmed by the results of sovereign rating impacts on realized volatility. The evidence mostly shows negative effects of rating drifts on realized volatility in the upward regime but positive effects in the downward regime. Furthermore, changes in the overall ratings trend (both upward and downward) results in stock and FX return distributions being more right-skewed. Meanwhile, in terms of realized kurtosis, we find an upsurge in the downward (upward) EU sovereign rating drifts will significantly lower (increase) the peak of the EU stock and FX return distributions. The finding is consistent with empirical results obtained in analysing the impacts on realized volatility.
In this paper, we also note that the total effects of the sovereign credit assessments on realized moments can be different from their direct effects alone. This is due to the indirect effects, which are caused by the inter-relationships and spillovers between the realized return moments. Therefore, we argue in this paper that the total effects, rather than the direct one, should be employed to investigate which CRA provides the greatest impact on financial return distributions. We find that the rank orders among the CRAs differ for each realized moment and asset market. In the periods of financial stability, the assessments of S&P have the greatest effect on stock market realized returns and skewness; whereas Fitch's rating actions have the largest impact on stock market realized volatility across the EU. Meanwhile, Moody's rating activities dominate during the recent European sovereign debt crisis. Besides, we consistently find that S&P and Fitch share the 1 st rank order in having the largest effects on FX realized higher moments. This is possibly due to Fitch being the only major CRA based outside of the US. Note: This table presents the transition probability matrices of the sovereign rating drifts constructed as in formula (1) from sovereign ratings data provided by Standard and Poors, Fitch and Moody's. The drifts are categorised into three observable states, namely the Stable, Upward and Downward assessments of sovereign credit quality corresponding to zeros, positive and negative values of the sovereign ratings drifts. The reported transition probabilities are the probabilities that the states noted in the rows followed by the states noted in the columns of the table. . These estimates are interpreted as the impact of upward and downward sovereign ratings drifts on the EU stock realized return as computed in formula (2). The sovereign rating drifts, which represent the assessments of the CRAs on overall EU sovereign credit quality, are constructed as in formula (1) from ratings data provided by Standard and Poor's (S&P), Fitch and Moody's. *, ** and *** denote significance at the 10, 5 and 1% levels, respectively. Note: This table presents the estimates of the first element of the vector and its associated t-statistic (in parentheses). These estimates are interpreted as the impact of upward and downward sovereign rating drifts on the EU FX realized return as computed in formula (2). The sovereign ratings drifts, which represent the assessments of the CRAs on overall EU sovereign credit quality, are constructed as in formula (1) from ratings data provided by Standard and Poor's (S&P), Fitch and Moody's. *, ** and *** denote significance at the 10, 5 and 1% levels, respectively. Note: This table presents the estimates of the second element of the vector and its associated t-statistic (in parentheses). These estimates are interpreted as the impact of upward and downward sovereign ratings drifts on realized stock market volatility as computed in formula (3). The sovereign ratings drifts, which represent the assessments of the CRAs on overall EU sovereign credit quality, are constructed as in formula (1) from ratings data provided by Standard and Poor's (S&P), Fitch and Moody's. *, ** and *** denote significance at the 10, 5 and 1% levels, respectively. Note: This table presents the estimates of the second element of the vector and its associated t-statistic (in parentheses). These estimates are interpreted as the impact of upward and downward sovereign rating drifts on the EU FX realized volatility as computed in formula (3). The sovereign rating drifts, which represent the assessments of the CRAs on overall EU sovereign credit quality, are constructed as in formula (1) from ratings data provided by Standard and Poor's (S&P), Fitch and Moody's. *, ** and *** denote significance at the 10, 5 and 1% levels, respectively. Note: This table presents the estimates of the third element of the vector and its associated t-statistic (in parentheses). These estimates are interpreted as the impact of upward and downward sovereign rating drifts on the EU stock realized skewness as computed in formula (4). The sovereign ratings drifts, which represent the assessments of the CRAs on overall EU sovereign credit quality, are constructed as in formula (1) from ratings data provided by Standard and Poor's (S&P), Fitch and Moody's. *, ** and *** denote significance at the 10, 5 and 1% levels, respectively. Note: This table presents the estimates of the third element of the vector and its associated t-statistic (in parentheses). These estimates are interpreted as the impact of upward and downward sovereign ratings drifts on the EU FX realized skewness as computed in formula (4). The sovereign ratings drifts, which represent the assessments of the CRAs on overall EU sovereign credit quality, are constructed as in formula (1) from ratings data provided by Standard and Poor's (S&P), Fitch and Moody's. *, ** and *** denote significance at the 10, 5 and 1% levels, respectively. Note: This table presents the estimates of the fourth element of the vector and its associated t-statistic (in parentheses). These estimates are interpreted as the impact of upward and downward sovereign rating drifts on the EU FX realized kurtosis, as computed in formula (5). The sovereign rating drifts, which represent the assessments of the CRAs on overall EU sovereign credit quality, are constructed as in formula (1) from ratings data provided by Standard and Poor's (S&P), Fitch and Moody's. *, ** and *** denote significance at the 10, 5 and 1% levels, respectively. ) ( t s ∇
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